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[Text]  The  electric  effect  phenomenon  arising  In  a one-sided  freezing 
of  diluted  aqueous  solutions  Is  most  fully  demonstrated  In  Che  paper 
of  E.  Y.  Vorkman  and  S.  E,  Reynolds  (1950).  They  established  that  in 
one-sided  freezing  of  v*ater  containing  a small  quantity  (10"^  to  lO^^u) 
of  substances,  capable  of  dissociation  Into  ions  In  aqueous  solutions 
there  originates  a compar^'tlvely  large  voltage  difference  on  the  water- 
ice  boundary.  Maximal  voltage  values  were  obtained  for  a number  of 
substances.  Some  of  these  values  are  given  In  Table  1. 

Table  1 

Electric  characteristics  of  some  solutions 
(E.  Y.  Workman,  S.  E.  Reynolds,  1950) 
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Key:  1 — substance;  2 — maximum  voltage  difference  on  the  solution-ice 

boundary;  3 — concentration  of  solution  N;  4 — specific  resistance,  ohm/ cm; 
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1 


£.  Y.  Workaan  and  S.  E.  Raynolda  conalder  that  the  electric  effect  appears 
at  the  start  of  the  freezing  of  the  liquid  and  disappears  when  the 
freezing  Is  coapleted.  A potential  barrier  Is  foraed  at  the  surface  of 
the  boundary  becween  the  water  and  Ice,  and  la  preserved  during  the  pro- 
cess of  freezing  the  liquid  phase.  The  voltage  difference  doea  not 
depend  on  the  speed  of  freezing,  but  on  Internal  current  leakage  which 
reduces  the  observed  voltage  for  snail  speeds  of  freezing.  At  large 
freezing  speeds,  the  iwproperly  oriented  Ice  cryntals  also  reduce  Che 
value  of  the  originating  voltage  difference.  The  electrical  effect. 

In  this  case.  Is  snail  or  there  la  no  electrical  effect.  The  sign  and 

value  of  the  obtained  voltage  difference  la  a function  of  Che  nature  ^ 

and  concentration  of  the  substances  In  the  aqueova  solution.  A change  | 

of  Che  voltage  polarity  In  the  solution  with  respect  to  the  Ice  Is 

explained  by  the  selective  insertion  of  Ions  of  one  polarity  Into  the 

ice. 

Similar  tests  were  made  by  F.  I.  Bayadlna  (1960).  She  measured  the 
voltage  difference  when  freezing  distilled  water  with  a conductivity  of 
5 X 10“^  or  6 X 10“^  ohm.  cm.  The  observed  values  of  voltage  difference 
varied  within  vide  limits  from  5-6  to  90-100  volts,  with  prevailing 
values  being  below  50  volts.  F.  I.  Bayadlna  considers  that,  along  with 
adsorption  by  Che  ice  of  Ions  of  one  polarity,  there  are  other  factors 
that  also  affect  the  origination  and  values  of  voltage  such  as  crystal- 
lization processes,  the  difference  In  speed  of  freezing  water  in  various 
parts  of  Che  dish,  and  processes  of  change  In  the  structures  of  water 
and  ice  when  their  temperatures  change.  She  established  that  the  more 
transparent  the  Ice  Is.  l.e..  Che  fewer  air  bubbles  It  contains,  the 
greater  the  maximum  value  of  the  voltage  is. 

The  contact  voltage  difference  between  water  and  ice  was  measured  by 
V.  I,  Arabadzhi  (19A8,  1956).  His  tests  Indicated  a voltage  difference 
between  water  and  Ice  varying  within  llmltz  of  170  - 25  millivolts. 

The  paper  by  Yumlkls  (1958)  mentions  chat  an  electrical  voltage  origi- 
nates in  frozen  ground  systems.  The  value  of  the  electrrnootlve  force 
depends.  In  this  case,  on  Che  concentration  of  the  electrolyte  In  the 
given  ground.  The  author  determined  in  the  laboratory  Chat  In  frozen 
ground  systems  consisting  of  Danellen  ground  (material  carried  out  by 
glaciers) , there  originate  electromotive  forces  from  40  to  120  milli- 
volts. His  paper  suggests  that,  depending  upon  the  properties  of  the 
porous  material  and  several  other  factors  still  not  fully  explained, 

Che  originating  voltage  may  facilitate  the  flow  of  moisture  In  the  same 
direction  as  the  action  of  the  thermal  voltage  or  In  the  opposite 
direction. 

This  article  cites  the  results  of  tests  on  measuring  voltages  originating 
for  the  one-sided  freezing  of  a bldlstlllate  of  weak  solutions  of  salts 
and  suspensions  which  make  It  possible  to  clarify  certain  patterns  of 
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voltage  change  depending  upon  a nuaber  of  factors.  These  Investigations 
were  aade  In  order  to  study  the  effect  of  originating  voltages  on  the 
■Igratlon  of  suisture  when  freezing. 

The  freezing  of  water,  water  solutions  and  suspensions  was  done  In  a 
cold  room  equipped  with  autuaatlc  teaperature  regulation.  The  measuring 
vessels  were  plexiglass  cylinders  (Internal  dlsaeter  68  80  na  high) 

with  a cover  and  bottoa  uade  of  various  materials:  stainless  steel, 

red  copper  and  alualnua.  A platinua  plate  on  the  cover  served  as  an 
electrode  for  awasurlng  voltages  originating  In  freezing  solutions  and 
for  deteralnlng  the  polarity  of  the  voltage. 

To  create  conditions  for  freezing  on  one  side  only,  the  solution  in  the 
cylinder  was  frozen  froa  below  from  the  side  of  the  metallic  bottoa. 

The  cylinder  was  placed  In  a brass  container  300  ma  In  diameter  and 
330  am  high.  The  cylinder  was  Insulated  on  top  and  on  the  sides  frith 
wool  and  foam  rubber.  The  electrodes  were  connected  to  the  device  by  a 
shielded  conductor:  the  bottom  of  the  cyllnder-to  the  shielding  jleevlng, 

platinum  electrode  — to  the  central  conductor.  To  eliminate  the 
possibility  of  Induced  interference  from  outside  sources  on  the  aeasured 
voltages  originating  when  the  solution  freezes,  the  brass  container, 
the  shielding  sleeve  and  the  meter  were  grounded. 

The  voltage  meter  was  a tube  voltmeter  type  187a  that  can  measure  DC 
voltages  from  0.1  to  300  volts  with  high  internal  resistance  (SO 
mego.nias) , 

A negative  tenq>erature  corresponding  to  the  freezing  temperature  of  the 
solution  was  established  In  the  room  before  the  start  of  the  test. 

A solution  was  poured  Into  the  cylinder  to  a certain  mark  (corresponding 
to  a volume  of  160  mllllleters)  and  it  was  placed  In  a brass  container 
with  thermal  Insulation.  The  brass  container  was  then  placed  In  the  cold 
room  and  the  time  of  the  start  of  freezing  was  noted.  Observations  of 
changing  the  value  and  polarity  of  voltage  with  time  were  started  from 
this  moment.  The  tests  were  made  primarily  In  a plexiglass  cylinder 
with  a red  copper  bottom.  The  tests  were  made  also  with  weak  solutions 
of  NaCl,  Cl,  NH^OH.  The  following  patterns  of  voltage  changes 

were  established  as  a result  of  the  tests. 
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Fig.  1.  Voltage  ci^rge  In  the  bldlstlllate  depending  upon  the  cooling 
tljse  and  the  material  of  the  cooled  surface  (cooling  time  T *•  ~30*; 
distance  between  electrodes  h ■ 10  aai); 

1 — cooling  through  hraes-red  copper;  2 — through  brass-aluminum; 

3 — through  brass-stainless  steel. 

Key;  a— voltage,  volts;  b — hours. 

The  maximum  voltage  originating  for  one-sided  freezing  in  a bldlstlllate 
and  for  a weak  solution  of  NH4CI  depends  on  the  Intensity  of  heat  loss 
through  the  cooling  surface  and  on  the  cooling  temperature  (Table  2) . 
Changes  in  the  voltage,  depending  upon  the  time  of  cooling  and  the 
material  of  the  cooled  surface,  ate  shown  on  curves  (Fig.  1} 


Fig.  2.  Voltage  change  in  the  bldlstlllate  for  changing  the  distance 
of  the  measuring  electrode  from  the  cooled  surface  and  the  cooling  time 
(cooling  temperature  T “ -30°); 

1 — for  the  distance  of  the  measuring  electrode  of  30  am;  2 — 20  nan; 

3 — 10  mm. 

Key:  a — voltage,  volts;  b — hours. 
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It  was  established  by  tests  that  the  lotrer  the  cooling  teaperature  Is 
and  the  aore  Intense  the  loss  of  heat  la  throu>.<t  the  cooled  bottoa,  the 
greater  the  value  of  the  originating  voltage  when  cooling  In  a bidistll^ 
late  and  an  NH4WI  (7  z I0~3n)  solution.  The  aaziaiia  value  of  the  voltage 
Is  reached  faster  with  a lower  cooling  teaperature. 


Table  2 


Relationship  between  aexlaua  values  of  voltages 
and  the  Intensity  of  cooling  and  heat  loss 
through  the  cooling  surface. 
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Kry:  l—cooled  surface;  2 — brass- stainless  steel;  3 — brass-alumlnuB; 

4 — brass-red  copper;  5 — bidlstillete;  6 — solution;  7 — Tj.  « -18*C,  max, 
voltage,  volts;  fi — time  for  reacting  max.  temperature,  minutes; 

9 — Tc  • -30*C,  nunciimim  voltsge,  volts;  10 — Tc  • -20*C,  voltage, 
volts;  11 — T(.  - -30*C,  max.  voltage;  l2-~Kote.  1.  Thermal  conductivity 
coefficient:  brass-170  kllocalories7m.  hour,  degree;  stainless  steel- 
13;  alumlnum-175;  red  copper-300.  2.  Distance  between  electrodes  n • 

10  nai.  ^ 
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Tabl3  3 


Change  of  maxlmuiB  voltage  In  a bldlstlllate  and  a 
weak  solution  of  NH^OH  depending  upon  the  distance 
of  the  electrode  froai  the  cooled  surface 
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Key:  1 — distance  between  electrodes  h,  ms;  2- — bldlstlllate;  3 — solution; 
4 — maximum  voltage,  volts;  5 — time  for  reaching  the  max.  voltage, 
minutes;  6 — Note.  The  cooling  temperature  T "-30‘C 

The  curves  of  change  in  the  voltage  depending  upon  the  distance  from  the 
electrode  to  the  cooled  surface  and  the  cooling  time  are  shown  In 
curves  (Fig.  2) • 

Tests  ished  that  the  maximum  voltage  decreases  with  the  greater 

distance  o£  the  measuring  electrode  from  the  cooling  front,  while  the 
time  of  origination  'f  the  potential,  counting  from  the  start  of 
cooling,  increases. 

The  maximum  voltage  cTlglnaLlng  In  one-sided  cooling  of  NH^OH  solutions 
depenat  upon  the  concentration  of  the  solntion  (Table  4). 
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Table  4 


Relationship  between  maximum  voltages  of  NH4OH 
solution  and  its  concentration 
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Key:  1 — concentration  of  solution;  2 — maximum  voltage  and  its  polarity, 
volts;  3 — time  for  reading  the  maximiBa  voltage  from  start  of  cooling, 
minutes;  4--Note.  1.  Cooling  temperature  T ■ -30®C.  2.  Distance 
between  electrodes  h ■ 2fl  mm. 
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Fle>  3.  Voltage  change  in  NH4OH  solutions  of  various  concentrations 
depending  upon  the  coding  time  (cooling  tine  T • -30'’C;  distance 
between  electr^^des  h ~ 28  mn) : 

l“-for  concentration  3 x 10“^;  2 — 1-5  x lO”^;  3 — 1 x 10”^; 

4—5  X 10'5n;  5—10  x 10“5n. 

Key:  a — voltage,  volts,  b — hours. 
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Fig.  A.  Voltage  changes  In  NaCl  solutions  of  various  concentrations 
depending  upon  the  cooling  tine  (T  “ >30*,  h ■ 26  mm): 
a:  1 — concentration  of  solution  3 x 10~%;  2 — 9.8  x 10~%; 

3—16.5  X 10"3N; 

b:  for  concentration  of  3 x 10~%; 

Key:  A— voltage,  volts;  B — hours. 

Curves  showing  voltage  changes  In  NH4OH  solutions  of  various  concentra- 
tions depending  upon  the  cooling  time  are  shown  In  Fig.  3.  The  tests 
prove  chat  the  aiaxlmum  voltage  corresponds  to  a certain  concentration  of 
NH4OH  (mAxlfflum  voltage  was  obtained  at  concentration  3 x lO'^M). 

The  maximum  voltage  originating  In  the  one-side  cooling  of  weak  solu- 
tions of  NsCl  depends  on  the  concentration  of  the  solution  and  the 
cooling  temperature  (Table  5). 

Curves  of  the  voltage  change  depending  upon  the  concentration  of  the  NaCl 
solution,  temperature  and  cooling  time  arc  shown  in  Figs  4a  and  4b.  The 
maximum  voltage  corresponds  to  a certain  concentration  of  the  NaCl  solu- 
tion. The  maximum  voltage  was  obtained  at  a concentration  of  3 x 10~^. 

The  maximum  voltage  Increases  with  a higher  cooling  temperature.  Teats 
of  an  NeCl  solution  with  a 3 x lO"^  concentration  were  not  taken  Into 
account  In  establishing  this  pattern  because  they  were  conducted  with  a 
not  too  stable  cooling  temperature. 
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Table  5 


Relatlanshlp  between  maximum  voltages  In 
the  NaCl  solution  and  Its  concentration  and 
the  cooling  temperature 
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Key:  1 — concentration  of  solution;  2 — cooling  temperature;  3 — maximum 
voltage,  volts;  4 — time  to  reach  maxloium  voltage,  minutes;  5—coollng; 
6— Note.  Plstance  between  electrodes  N ■ 28  nm. 

The  maximum  potential  originating  in  the  aolutlon  depends  on  the 
composition  of  the  dissolved  salts.  According  to  the  tests  made  by 
the  author  and  the  investigations  by  E.  Y.  Workman  and  S.  E.  Reynolds 
(Table  1)  a voltage  originates  In  the  NH4OH  solution  that  is  about 
double  that  in  the  NH4CI  solution.  The  great  spread  In  the  maximum 
voltages  of  solutions  of  NH4OH  (3  x W^N),  NH4CI  (7  x 10“5n)  and 
Nad  (3  X 10~%)  (Tables  2,  4 and  5)  and  of  maximum  voltages  of 
similar  solutions  with  th«>  same  concentrations  in  tests  by  E.  Y.  Work- 
man and  S.  E.  Re}rnoldo  may  bs  explained  by  the  changes  in  the  condi- 
tions of  cooling  intensity.  The  cooling  of  the  solution  in  the  tests 
done  by  the  author  occurred  through  a three-layer  medium:  brass-air- 

aluminum  or  copper,  while  in  the  Workman-Reynolds  tests  the  cooling 
occurred  through  copper-mercury-copper;  the  removal  of  heat  In  that 
case  was  more  intensive. 

The  reason  for  the  difference  in  test  results  is  confirmed  by  the 
dependence  of  the  maximum  voltages  on  the  cooling  temperature  and  on  the 
heat  loss  through  the  cooled  surface  (Table  2).  It  should  be  noted 
that  the  spread  In  maximum  voltages  depending  upon  the  cooling  conditions 
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of  NH4OH  and  NK4CI  soluclons  In  these  tests  as  compared  to  data  by 
E.  Y.  Vorkaan  and  S.  E.  Reynolds  (Table  1)  Is  approximately  10  times 
and  In  NaCl  solutions  only  2.4  tiaes.  Bldlstillate  tests  observing 
simultaneously  the  time  of  origination  of  the  voltages  and  the  zero 
temperature  on  the  Inner  surface  of  the  copper  Indicated  that  the 
voltage  originated  before  the  zero  temperature,  at  vhlch  ice  may  be 
formed,  was  established. 

On  the  basis  of  the  experimental  data  It  may  be  assumed  that  the  reason 
for  voltages  originating  in  cooling  one  side  of  the  weak  solutions  is 
the  mructural  rearrangement  of  the  water  preceding  freezing.  Ground 
systems  contain  the  usual  Ionic  solutions,  as  well  as  suspensions.  It 
Is,  therefore,  expedient  to  clarify  what  voltages  originate  in  freezing 
suspensions. 

A solution  of  suspensions.  If  other  dissolved  Ions  are  absent,  differs 
from  true  suspensions  In  that  clay  particles  in  suspensions  are  charged 
negatively,  while  positively  charged  exchange  cations  are  located  on 
the  surface  of  the  particles  or  In  the  diffusion  film,  l.e..  In  the 
boundary  phase. 

The  author  made  tests  with  suspensions  of  fractions  <1/^  prepared  from 
monomlneral  natural  and  monolonlc  kaolin  and  gumbrine  clays.  The  basic 
material  of  gumbrine  Is  montmorlllonlte.  The  saturation  of  kaolin  and 
gumbrine  with  exchange  cations  of  Fe’*'  , Ca"  , Na  and  MH4  was  made  In 

accordance  with  the  method  described  In  an  article  by  Z.  A.  Nersesova 
(1961). 

Results  of  the  voltage  measurements  Indicate  (Table  6)  that  the 
mlneraloglcal  composition  of  clay  parts,  density  of  suspensions  and  the 
composition  cf  exchange  cations  have  considerable  effect  on  the  value 
and  polarity  of  the  maximum  voltage.  This  effect  Is  expressed  In  the 
following: 

1.  When  cooling  suspensions  of  equal  density,  the  maximum  originating 
voltage  Is  greater  in  suspensions  of  kaolin  saturated  with  C»i  Na’  or 
NH^.  A different  relationship  Is  observed  for  gumbrine  and  kaolin 
of  natural  cosq>oslclon.  This  isay  be  explained  by  the  various  composi- 
tions of  exchange  cations  on  the  surface  of  their  particles  or  by  a 
different  content  of  soluble  salts.  Soluble  salts  were  removed  from 
Fe”'  , Ca"  , Na’  and  NH4  gumbrlnes  and  kaolins  In  the  process  of  pre- 
paring monolonlc  clays. 
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Table  6 


Maximum  voltages  when  cooling  suspensions  (T  " ’*30*) 
depending  upon  the  density  of  suspensions,  the 
olneTaloglcal  composition  of  clays  and  the  coinposl<- 


tlon  of  exchange  cations. 
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^ • 
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0,82 
0,54 
0,51 
1,54 
1,04 
1,04 
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0,13 

0,01 

0,05 

0,07 
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0.23 

0,18 

6.2 
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0,95 

0,06 

0,03 

0,20 

0,18 

63 

34 

24 

27 

82 
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20 

17 

18 
23 
25 
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18 
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20 

■ 
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0.04 
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1 

.0.04 
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-0,18 

75 

19 

o 

Ca" 
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25 
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m 
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0,06 
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87 

23 
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70 
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1,100 

0,1 
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20 
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.-2,30 

26 

17 
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tt 
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22 
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0,208 

0,02 
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23 

17 

to 

X 

Ca- 
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0,065 

—0,15 

13 

17 

>% 

Na' 

0,208 

0,05 

—0,065 

118 

Cm 

NH,' 

0,208 

0,04 

—0,15 

161 

16 

f'  a 

Errerraoniiui 

0,208 

0,12 

—0,19 

22 

17,5 

s 

m 

Na' 

0.208 

0,08 

-0,47 

99 

25 

X 

NHi' 

0,208 

0,05 

-0,43 

44 

16 

Key:  1 — clay;  2 — exchange  cations;  3->denslty  of  suspensions,  grama/ 

liter;  A — Initial  voltage,  volts;  5 — maximum  voltage  when  freezing, 
volts;  6 — time  to  reach  max.  voltage,  volts;  7-~lnltlal  suspension 
temperature;  8-*-gumbrlne;  9— -kaolin;  10 — natural. 
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2.  The  polarity  of  the  voltage  at  the  measuring  electrode  in  the  solu- 
tion depends  on  the  suspension  density.  Thus,  when  the  suspension 
density  decreases  the  voltage  polarity  at  the  measuring  electrode  changes 
from  positive  to  negative.  This  Indicates  chat  for  a considerable 
density  ( f'^  0.52  g/1)  of  suspensions  the  Ice  is  charged  negatively 
and  the  solution  positively.  At  a small  density  ( p'^  0.208  g/1)  a 
reverse  picture  was  observed:  the  ice  Is  positive  and  the  solution  is 

negative. 

Exceptions  to  this  rule  are  suspensions  made  of  kaolin  saturated  with 
exchange  cation  NH^  In  which  a negative  voltage  originated  with  respect 
to  the  Ice  at  a considerable  suspension  density  (p  * 1.1  g/1). 

The  obtained  patterns  in  changing  the  maximum  voltages  and  polarities 
idien  freezing  suspensions  saturated  with  cations  Fe"'  , Ca"  , Ma  and 
NH^  will  be  considered,  comparing  them  with  the  origination  of  voltages 
when  freezing  the  solvent  (bldlsClllate) . Maximum  voltages  of  -13  or 
-17  volts  were  obtained  In  a bldlstlllate  under  test  conditions  Identical 
to  those  in  tests  on  freezing  suspensions.  In  the  paper  by  E.  Y.  Work- 
man and  S.  £.  Re3molds  It  was  established  that  the  origination  of  con- 
siderable voltages  In  Che  bldlstlllate  was  related  to  Its  content  of 
ammonia  which  is  a stable  admixture  of  water. 

A content  in  the  bldlstlllate  of  suspended  clay  particles  in  a small 
amount  (suspension  density  0.208  g/1)  reduces  the  voltage,  but 

the  polarity  remains  the  same,  l.e.,  ice  is  charged  positively  and  the 
solution  negatively.  The  same  pattern  remains  for  freezing  suspensions 
prepared  from  kaolin  ( ■ 1.10  g/1)  saturated  with  exchange  cations 

NK4,  as  well  as  In  solutions  of  salts  NH4OH  and  NH4CI.  The  absolute 
voltage  at  small  suspension  densities  changes  depending  upon  the 
mlneraloglcal  composition  of  day  particles,  less  in  kaolin  than  in 
gumbrlne  suspensions. 

When  the  number  of  suspended  particles  Increases  0.52  g/1)  the 

polarity  originating  in  freezing  changes,  l.e..  Ice  Is  charged  nega- 
tively and  the  solution  positively.  This  same  phenomenon  originates 
when  the  solution  contains  small  quantities  of  NaCl  and  CaCl  salts. 

At  a high  density  of  suspensions,  the  absolute  value  of  voltage  changes, 
depending  upon  the  mlneraloglcal  composition  of  clay  particles,  more 
In  kaolin  than  gumbrlne  suspensions,  l.e.,  a pattern  Is  observed  which 
Is  the  reverse  of  the  pattern  noted  In  suspensions  with  low  density. 

It  Is  obvious  that  the  patterns  for  voltage  changes  described  above 
for  solut 'ons  (salts  and  suspensions)  must  take  place  also  In  ground 
solutions. 
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It  1b  vell-knmm  that  when  drying  grounda  by  neana  of  electrical  current, 
the  water  In  the  ground  fnlgratea  froB  the  positively  charged  electrode 
to  the  negatively  charged  electrode.  In  tests  with  salt  solutions  done 
by  E.  Y.  Vorknan  and  S.  E.  Reynolds  (1950)  and  In  the  testa  «sde  by  the 
author  not  only  on  salt  solutions,  but  also  on  suspensions,  a change  of 
polarity  was  observed  on  the  electrode  located  In  the  solution.  It  osy 
be  assumed  on  the  basis  of  this  data  that  the  extent  of  moisture 
migration  In  the  ground,  along  with  previously  known  factors,  may  also 
be  affected  to  a considerable  extent  by  the  voltages  originating  In 
ground  solutions  on  frceslng.  The  degree  of  the  voltage  effect  on 
migration  will  depend  on  the  concentration  of  salts  In  ground  solutions, 
on  the  mlneraloglcal  composition  of  colloidal  particles  In  the  suspen- 
sion solutions,  and  the  coi^oaltlon  of  exchange  cations  on  their  surface. 

Drying  ground  by  means  of  electrical  current  depends  not  only  on  the 
value  of  the  voltage  applied  to  the  electrodes,  but  also  on  the  time  of 
Its  action  and  the  distance  between  the  electrodes.  Therefore,  the 
obtained  dependence  of  the  originating  voltage  on  the  temperature  and 
cooling  Intensity  was  considered,  taking  all  three  factors  Into  con- 
sideration. The  author  measured  originating  voltages  at  a distance  of 
10  nmi. 

Obviously,  the  migration  of  moisture  In  the  ground  does  not  require 
considerable  voltage.  In  this  case,  the  value  of  the  migration  to  the 
freezing  front  Is  determined  not  so  much  by  the  value  of  the  voltage 
originating  In  the  solutions  In  the  ground,  as  by  the  time  of  Its 
action. 

In  considering  the  effect  of  voltages  originating  In  the  ground  on  the 
migration  of  moisture,  the  action  of  other  factors  considered  earlier 
should  not  be  neglected.  It  may  be  assumed  that  several  factors  may  be 
effective  at  the  same  time  but  In  a certain  sequence.  The  author 
assumes  that  the  primary  reason  for  the  migration  of  moisture  to  the 
freezing  front  is  the  voltages  originating  in  the  solutions  in  the 
ground  that  cause  a movement  of  the  moisture  from  the  near  layer  to  the 
freezing  front  and  create  a scarcity  of  moisture  In  this  layer  which  la  re- 
plenished by  a flow  of  moisture  from  the  lower  layers  under  the  effect 
of  the  moisture  gradient. 

The  interrelationship  between  these  factors,  affecting  the  movement 
of  moisture,  will  determine  the  value  of  water  migration  (or  the  value 
of  swelling) . 

At  this  stage  of  studying  the  question  of  ground  swelling  It  Is 
necessary  to  take  Into  account  not  only  the  coaq;>o8ltlon  and  moisture 
content  of  ground  and  the  distribution  of  ground  waters,  but  also  to 
have  Information  on  the  composition  and  concentration  of  Ions  in  the 
ground  solution  at  the  start  of  freezing. 
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